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Abstract	
	
The	coupled	physical‐biological	numerical	models	are	useful	tools	for	understanding	the	
relevant	 processes	 and	 the	 influence	 of	 biota	 and	 human	 activity	 on	 the	 ecological	
conditions	in	the	estuary.	The	models,	which	are	at	the	third	level,	should	be	validated,	
describing	the	most	relevant	parts	of	the	natural	system	in	a	credible	way	in	order	to	be	
applicable	for	making	projections.	The	model	has	application	to	the	hydrodynamics	and	
ecosystem	 condition	 of	 the	 Mahakam	 Estuary,	 East	 Kalimantan,	 Indonesia.	The	 work	
describe	in	the	project	with	only	a	part	of	the	component	of	the	system,	in	relation	to	the	
abiotic	component:	hydrodynamics,	suspended	sediment	and	light,	nutrient	and	bottom	
sediment.	Understanding	and	quantitative	describing	of	marine	ecosystem	requires	an	
integration	 of	 physics,	 chemistry	 and	 biology.	 The	 coupling	 between	 physics,	 which	
regulates	for	example	nutrient	availability	and	the	physical	position	of	many	organism	is	
particularly	 important	 and	 thus	 cannot	 be	 described	by	biology	 alone.	 Therefore	 the	
appropriate	 basis	 for	 theoretical	 investigations	 of	marine	 system	 are	 coupled	models,	
which	integrate	physical,	chemical	and	biological	interactions.	The	numerical	modelling	
in	 the	 well‐mixed	 in	 the	 main	 channel	 show	 that	 tidal	 flows	 dominated	 the	 overall	
transport	patterns	and	flushing	through	the	system	of	the	channel.	Both	flushing	time	of	
plan	nutrient	and	exchange	rates	with		the	ocean	play	a	role	in	governing	phytoplankton	
blooms.	
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1. Introduction	
The	Mahakam	Estuary,	 located	on	 the	 east	 coast	 of	Kalimantan,	 Indonesia,	 is	 an	
active	 delta	 system	 which	 has	 been	 formed	 in	 humid	 tropical	 environment	 under	
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condition	 of	 relatively	 large	 tidal	 amplitude,	 low	wave‐energy,	 and	 large	 fluvial	 input	
(Fig.1).	 Tidal	 processes	 control	 the	 sediment	 distribution	patterns	 in	 the	delta	mouth	
and	are	 responsible	 for	 the	 flaring	 estuarine‐type	 inlets	 and	numerous	 tidal	 flats.	 The	
modern	Mahakam	 delta	 has	 two	 active	 fluvial	 distributary	 system	 directed	 northeast	
and	southeast.	The	 intervening	areas	 consist	 of	 tide	dominated	areas,	with	many	high	
sinuosity	 channels	which	are	mostly	not	connected	 to	 the	 fluvial	 system	(Fig.	1).	 This	
intredistributary	zone	occupies	approximately	30%	of	the	delta	plain	(Allen	et	al.,	1977).	
	
	
Figure	1.	The	Location	of	study	and	Bathymetric	map	of	the	Mahakam	Estuary	
	
In the Mahakam estuary, the near bottom layer salinity clearly exhibits different of 
salinity distribution. Due to the balance between upstream baroclinic forcing in the lower 
layers, the salinity front in near bottom layer does not propagate far offshore, but just in the 
tip of the main river channel. The front oscillates back and forth along the Mahakam river 
main channel in accordance with the tidal period. In the surface layer at offshore area, there is 
small circulation area having salinity higher than its surrounding area. This area represent the 
convergence and divergence zone between freshwater fluxes and tidally oscillated saline 
water where vertical mixing is intensively occurring in this area in coherence with tidal 
oscillation (Mandang, et al, . 2009). 
	
2. Material	and	Methods	
2.1. Observation	Data	
	
Bathymetry	 data	 of	 the	 model	 domain	 were	 obtained	 from	 DISHIDROS	
(Indonesian	Navy	Hydrographic	Department)	of	Indonesian	Navy	(Fig.	1(b)).	The	model	
domain	 in	 this	 study	 covers	 the	 area	 of	 Mahakam	 delta	 (0o10’00’’S	 –	 1o03’00’’S	 and	
116o59’00’’E	–	117o49’14’’E),	offshore	area	of	approximately	30	km	from	Muara	Bayur	
toward	the	Makassar	Strait	and	toward	upstream	from	Muara	Pegah	up	to	Sebulu	which	
passes	 through	 the	 Samarinda	 city	 (Fig.	 1).	 The	 observed	 elevation	 data	 at	 Sungai	
Mariam	 (Fig.	 1)	with	 the	model	 results	 for	 the	 corresponding	 20	 days	 period	 on	 July	
2010	(Fig.	2)	
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Figure	2.	Elevation	Data	in	the	Sungai	Mariam	Mahakam	Estuary	
	
The	averaged	monthly	river	discharge	data	of	the	Mahakam	river	(1993	–	1998)	
obtained	from	the	Research	and	Development	Irrigation	Ministry	Public	Work,	Republic	
of	Indonesia	are	shown	in	Fig.	3	
	
	
		
Figure	3.	The	average	monthly	river	discharge	data	of	the	Mahakam	river	
	
	
2.2. Hydrodynamics	Model	
 
Estuary	and	Coastal	Ocean	Model	with	Sediment	Transport	(ECOMSED)	is	a	three‐
dimensional	hydrodynamic	and	sediment	 transport	model.	The	hydrodynamic	module	
solves	 the	 conservation	 of	mass	 and	momentum	 equations	 with	 a	 2.5‐level	 turbulent	
closure	scheme	on	a	curvilinear	orthogonal	grid	in	horizontal	plane	and	‐coordinate	in	
the	vertical	direction.	Water	circulation,	salinity,	and	temperature	are	obtained	from	the	
hydrodynamic	module.	The	sediment	transport	module	computes	the	sediment	settling	
and	 resuspension	 processes	 for	 both	 cohesive	 and	 noncohesive	 sediments	 under	 the	
impact	of	waves	and	currents.		
	
The	 governing	 equations	 of	 the	 hydrodynamic	 component	 in	 ECOMSED	 are	 the	
continuity	 equation,	 Reynold’s	 equations,	 heat	 and	 salinity	 transport	 equations.	 The 
basic equations for the three-dimensional mode are: 
	
The	continuity	equations:	
0

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where	(U,V,W)	are	the	eastward	(z),	northward	(y),	and	upward	(z)	components	of	
the	 current.	 A	 dynamic	 boundary	 condition	 evaluated	 at	 the	 sea	 surface	 z	 =		 will	
indicate	 the	 relation	 between	 sea	 surface	 elevation		and	 vertical	 velocity	 at	 the	 sea	
surface	W	as,	
   WVyUxt 


 ,                            (2)	
The	vertical	velocity	at	the	sea	surface	W	can	be	obtained	by	integrating	(1)	from	
the	bottom	z	=	‐H		to	the	sea	surface	z	=	.		
The momentum equations using the Boussinesq approximations and the 
assumption of vertical hydrostatic equilibrium in Cartesian coordinates are given 
below. 
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and, the equations of temperature and salinity, 
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where	T	denotes	the	temperature,	S	the	salinity,	f	the	Coriolis	parameter	(=	2	sin	
;		 =	 7.27	 x	 10‐5s‐1	 and	 	 is	 the	 latitude),	 ρ	 the	 density,	 ρ0	 the	 reference	 density	 (=	
1024.78	 kg	 m‐3),	 g	 the	 acceleration	 of	 gravity	 (=	 9.8	 m	 s‐2),	 P	 the	 pressure,	 B	 the	
buoyancy,	AV	and	KV	the	vertical	eddy	viscosity	and	vertical	diffusion	coefficient,	AM	the	
horizontal	eddy	viscosity,	AH	the	horizontal	diffusion	coefficient.		
	
The	 horizontal	 eddy	 viscosity	 and	 diffusivity	 coefficient	 is	 given	 on	 the	 basis	 of	
Smagorinsky	 formula	 where	 they	 increase	 proportionally	 to	 the	 grid	 spacing	 and	 the	
velocity	shear.		
   ,2/ 2/1222     yVyUyVxUyxAA HM           		 (9) 
where	α	is	a	constant	(=	0.22)	and	x	and	y	are	horizontal	mesh	size	(x	=	y	=	
200	m	).	
	
The	vertical	eddy	diffusivity	coefficients	of	momentum,	temperature,	salinity,	and	
suspended	 sediment	 concentration	 are	 obtained	 through	 the	 2.5	 level	 turbulence	
closure	scheme	developed	by	Mellor	and	Yamada	(1982).		
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The	development	of	three‐dimensional	(3‐D)	hydrodynamic	models	started	in	the	
late70's.	Three‐dimensional	hydrodynamic	models	are	numerical	code	solving	generally	
the	Boussinesq	equations.	The	availability	of	equations	based	on	physical	laws	of	classic	
mechanics,	 know	 from	 18th	 century,	 is	 one	 of	 the	 main	 differences	 between	
hydrodynamic	 and	 biogeochemistry	 models,	 because	 equations	 for	 biogeochemical	
phenomena	are	generally	not	universally	accepted	and	in	most	cases	empirical	or	semi‐
empirical.	
	
2.3. Ecosystem	Model	
 
The	 biological	 model	 cycles	 concentrations	 of	 organic	 carbon	 and	 nitrogen	
through	microplankton	and	detrital	compartments	with	associated	changes	in	dissolved	
concentrations	 of	 nitrate,	 ammonium	 and	 oxygen.	 The	 concentrations	 are	 updated	 in	
time	 by	 solving	 a	 transport	 equation	 for	 each	 state	 variable	 where	 by	 the	 biological	
interactions	are	included	as	source	and	sink	terms	and	which	takes	account	of	vertical	
sinking	 and	 the	 physical	 transport	 by	 advection	 and	 diﬀusion.	 As	 an	 exception,	
chlorophyll	 is	 derived	 algebraically	 from	 microplankton	 carbon	 and	 nitrogen	
concentrations.	 The	 sediment	 model	 determines	 the	 time	 evolution	 and	 transport	 of	
inorganic	particulate	material.	Exchanges	between	the	water	column	and	the	seabed	are	
modelled	through	a	“ﬂuﬀ”	layer	in	the	microplankton	and	detritus	compartments	and	in	
the	sediment	model.	
	
The	 nutrient	NN	 and	NP	 (NN;	 Dissolved	 Inorganic	 Nitrogen	 and	NP;	 Phosphate),	
phytoplankton	P,	zooplankton	Z	and	detritus	D	are	included	in	this	numerical	ecosystem		
model	(Yanagi,	1999;	Anukul	et	al.,	2008)	.	The	concentration	of	dissolved	oxygen	O2	is	
calculate	 at	 the	 same	 time.	 The	 state	 variables	 obey	 the	 following	 equations	 which	
include	advection,	diffusion	and	biochemical	processes	:	
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The	 origin	 of	 the	 Cartesian	 coordinate	 system	 is	 set	 at	 the	 sea	 surface	 of	 the	
estuary	head	with	the	x	‐	axis	directed	toward	the	estuary	mouth	and	the	z‐axis	upward.	
U	 and	 W	 denote	 the	 velocity	 in	 the	 x	 and	 z	 directions,	 respectively.	 Sp	 denotes	 the	
sinking	speed	of	phytoplankton	and	SD	that	of	detritus.	KH	and	KV		denote	the	horizontal	
and	 vertical	 diffusivities,	 which	 depend	 on	 the	 tidal	 current	 Amplitude	 and	 the	
Richardson	number.	
	
The	computational	domain,	grid	spacing	and	time	steps	were	the	same	as	those	of	
ECOMSED	 the	 same	 as	 those	 of	 temperature	 and	 salinity	with	 fixed	 values	 at	 all	 grid	
locations	 along	 the	 boundary	 plane	 throughout	 model	 operation.	 The	 loads	 of	 major	
rivers	were	taken	into	consideration,	while	non‐point	source	nutrients	along	coastlines	
were	 ignored	 due	 to	 a	 lack	 of	 reliable	 data.	 Initial	 values	 of	 ecosystem	 parameters,	
derived	 from	 the	 overall	 average	 of	 measured	 data,	 were	 set	 to	 be	 identical	 in	 all	
experiments		–1.55	mg	m–3	,	9.70	µM‐N	l	–1	and	0.23	µM‐P	l–1	for	chl‐a,	DIN	and	DIP,	
respectively.	Zooplankton	and	detritus	were	assigned	as	8.2	%	of	chl‐a	and	equal	to	chl‐a	
concentrations,	respectively,	similar	to	the	lateral	boundary	setting.	
	
The	model	 operation	was	 tested	 and	 a	 steady	 state	 of	 all	 simulated	 parameters	
was	 attained	 after	 days	 5	 of	 computation.	 Calculated	 results	 were	 collected	 and	
averaged	from	days	15	to	20	in	the	same	way	as	those	of	circulation	model.	Simulated	
chl‐a	 distributions	 in	 the	 same	 months	 of	 observational	 cruises	 are	 presented	 and	
discussed.	
	
3. Results	and	Discussion	
Simulations	 of	 the	 spatial	 and	 temporal	 variations	 in	 chlorophyll‐u,	 nitrate,	
phosphate	and	suspended	particulate	matter	distributions	in	winter,	spring	and	summer	
show	 how	 the	 development	 of	 the	 spring	 bloom	 and	 subsequent	 maintenance	 of	
primary	 production	 is	 controlled	 by	 the	 physicochemical	 environment	 of	 the	 plume	
zone.	Results	are	also	shown	for	two	stations,	one	characterized	by	the	high	nutrient	and	
suspended	 matter	 concentrations	 of	 the	 plume	 and	 the	 other	 by	 the	 relatively	 low	
nutrient	and	sediment	concentrations	of	the	offshore	waters.	The	modelled	net	primary	
production	at	the	plume	site	was	105	g	C	m‐*	a‐’	and	127	g	C	m‐*	a‐’	offshore.	Primary	
production	was	 controlled	 by	 light	 limitation	 between	October	 and	March	 and	 by	 the	
availability	of	nutrients	during	the	rest	of	the	year.	The	phytoplankton	nutrient	demand	
is	met	by	in‐situ	recycling	processes	during	the	summer.	The	likely	effect	of	increasing	
and	decreasing	anthropogenic	riverine	inputs	of	nitrate	and	phosphate	upon	ecosystem	
function	 was	 also	 investigated.	 Modelling	 experiments	 indicate	 that	 increasing	 the	
nitrogen	to	silicate	ratio		in	freshwater	inputs	increased	the	production	of	non‐siliceous	
phytoplankton	in	the	plume.		
	
The	 results	 of	 this	model	 have	 been	 used	 to	 calculate	 the	 annual	 and	 quarterly	
mass	balances	describing	the	usage	of	inorganic	nitrogen,	phosphate	and	silicate	within	
the	 plume	 zone.	 The	 modelled	 Mahakam	 Estuary	 retains	 3.9%	 of	 the	 freshwater	
dissolved	 inorganic	 nitrogen,	 2.2%	 of	 the	 freshwater	 phosphate	 and	 1.3%	 of	 the	
freshwater	 silicate	 input	 over	 the	 simulated	 seasonal	 cycle.	 The	 remainder	 is	
transported	 into	 the	 Makassar	 Strait	 in	 either	 dissolved	 or	 particulate	 form.	 The	
reliability	of	these	results	is	discussed.	
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Figure	4.	Verification	model		between	simulation	and	observation	data	for	nitrate	and	phosphate	
		 	 (a)	
 
 
 
 
   	 	 (b)	
 
 
 
 
 
 	 	 (c)	
 
 
 
 
 
 
Figure	5.	Distribution	pattern	(a)	DIP,	(b)	DIN,	and	(c)	Chl‐a	in	the	Mahakam	Estuary.	
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